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Purpose: To evaluate the role of color Doppler ultrasonography (CDUS) in
verifying the closure of a dural arteriovenous (AV) fistula after r-knife radiosurgery
(GKRS).
Materials and Methods: A total of 22 patients with dural AV fistulae, superior
ophthalmic vein (SOV) drainage, and who had undergone GKRS therapy were
followed up with CDUS until the closure was confirmed. The CDUS method was
a trans-orbital scan with a focus on the evaluation of the SOV. The SOV was
classified into three grades according to its velocity: severe, moderate and mild.
All patients received angiography to confirm the findings of the CDUS.
Results: Before GKRS, CDUS revealed a reversed pulsatile flow (10 right SOVs,
8 left SOVs, and 4 bilateral SOVs). Six patients were graded as severe, eight as
moderate, and eight as mild. All patients had their closure confirmed by CDUS,
which was then further validated with angiography.
Conclusion: CDUS is an excellent modality for monitoring the hemodynamic
changes in the SOV of patients with dural AV fistula following GKRS therapy.
CDUS may become the modality for follow-up until complete closure occurs.
(J Med Ultrasound 2004;12:107–13)
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INTRODUCTION
According to the distribution of feeder arteries and
shunting patterns, carotid cavernous fistulae (CCF)
have been classified into four subtypes by Barrow
et al [1]. They considered type A to be a direct shunt
between the internal carotid artery and the cavernous
sinus, and types B, C, and D to be dural shunts
(dural arteriovenous [AV] fistulae).
Conventional cerebral angiography has served as
the gold standard for the diagnosis of intracranial
vascular malformations, and cerebral angiography
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has also been relied upon for the diagnosis of dural
AV fistulae. However, color Doppler ultrasono-
graphy (CDUS) and magnetic resonance imaging
(MRI) are now being employed for the diagnosis
of both the direct and indirect types of CCF [2–
13].
A number of modalities, including surgery,
embolization, direct compression of the feeding
vessels, conventional radiotherapy, and r-knife
radiosurgery (GKRS), have been used to treat carotid-
cavernous sinus fistulae. The relatively non-invasive
treatment of dural AV fistulae with GKRS was
advocated in a recent study [10]. After the treatment
of CCF, the techniques used to verify obliteration
have usually been with MRI and conventional cerebral
angiography [10]. In our preliminary study of CDUS
applied to the cases of CCF [10], the superior
ophthalmic vein (SOV) was found to have a distinct
appearance during the follow-up of the treatment,
particularly in the patients treated by GKRS. The
closure of the CCF has been predicted by CDUS,
which can verify the obliteration of the dural AV
fistula. The purpose of the study was to evaluate
the role of CDUS in verifying the closure of dural
AV fistulae after GKRS.
MATERIALS AND METHODS
A total of 40 patients with dural AV fistulae, who
received treatment for the past several years at our
hospital, were reviewed. Among them, 35 patients
were with SOV drainage and five patients with
intracranial vein drainage. Of the 35 patients with
SOV drainage, 22 were enrolled in the study. All
these patients received GKRS with the closure
confirmed through cerebral angiography. The group
included six males and 16 females, with their age
ranging from 24.0–86.0 years (mean, 58.3 yrs).
Cerebral angiography was used to confirm that
all patients had a dural AV fistula with SOV drainage.
They received GKRS at least 2 months after a
definitive diagnosis had been made. All patients
were imaged via CDUS before GKRS, and followed
up for 1–2 months after GKRS, until the flow pattern
and direction returned to normal. All patients received
cerebral angiography within 1 month after a normal
pattern was imaged by the CDUS to confirm the
complete obliteration of the dural AV fistula.
The SOV is located above the optic nerve
(hypoechoic tubular structure in both transverse and
sagittal sections). The path of the main branch of
the SOV runs anteriorly in its nasal portion, then
posteriorly downward to the temporal portion, and
then toward the optic foramen. The examination
technique of CDUS is the same as that of a general
ocular CDUS examination [2]. The method of CDUS
was a trans-orbital scan focusing on the evaluation
of SOV via transverse and sagittal sections. Analysis
of the SOV spectrum was accomplished by recording
the peak systolic velocity (PSV), end diastolic
velocity, resistive index (RI), and the direction of
flow. The SOV spectrum was classified into three
grades according to velocity: severe (PSV > 20 cm/
sec), moderate (PSV between 10 and 20 cm/sec),
and mild (PSV < 10 cm/sec).
The equipment used included: the ATL HDI
3,000 (Advanced Technology Laboratories, Bothell,
WA, USA) with a 10-MHz linear transducer; and
the Acuson XP10 and Acuson Sequoia (Acuson,
Mountain View, CA, USA) with 7- and 13-MHz
linear transducers. The power output was set below
100 mW/cm2, as recommended by the American
Institute of Ultrasound in Medicine [14].
RESULTS
Before GKRS, CDUS imaged engorged SOVs in all
the patients (10 right SOVs, 8 left SOVs, and 4
bilateral SOVs). In addition, the spectral analysis
displayed a reversed pulsatile flow in all the patients.
The PSV of SOV ranged from 3.3 to 88.0 cm/sec.
The RI of SOV ranged from 0.26 to 1.00. The SOV
grading was: severe (six patients with their PSV ranging
from 25.6 to 88.0 cm/sec; Figure 1), moderate (eight
patients with their PSV ranging from 10.5 to 17.6 cm/
sec; Figure 2), and mild (eight patients with their PSV
ranging from 3.3 to 6.0 cm/sec; Table 1). In the four
patients with bilateral SOV drainage, the grading of
PSV was done according to the higher PSV of SOV.
The duration of CDUS follow-up was from 3 to
25 months. The closure was achieved in all the
patients and was further proved by cerebral
angiography (Figure 1). The time lapse until closure
compared to the velocity of the SOV is presented
in Table 1. There was no significant linear regression
between the PSV of SOV and the time lapse until
closure (p = 0.264). However, we grouped the time
lapse until closure and the PSV of SOV into three
classes. The time lapse until closure was less than
6 months in seven patients (two moderate grade and
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Fig. 1. A 62-year-old female, with dural AV fistula and right superior ophthalmic vein (SOV) drainage, before
r-knife radiosurgery (GKRS). (A) Color Doppler ultrasonography (CDUS) showed engorged SOV, reversed pulsatile
flow, with peak systolic velocity of 26 cm/sec; (B) angiogram showed early drainage of SOV (arrows); (C) 13 months
after GKRS, CDUS showed normal venous flow and direction in SOV; (D) angiogram confirmed the cure and the
SOV was not seen.
five mild grade PSV of SOV), 6–12 months in eight
patients (two severe grade, five moderate grade, and
one mild grade PSV of SOV), and more than 12
months in seven patients (four severe grade, one
moderate grade, and two mild grade PSV of SOV);
the results are presented in Table 2. The p = 0.033
indicates a significant difference between the grade
of PSV of SOV as imaged by the CDUS and the
time lapse until closure. For all the patients followed
up by the imaging of SOV with CDUS, the spectrum
displayed a decrease in PSV and an increase in RI
(in some cases, the RI was > 1). After the closure,
the SOV flow pattern returned to a normal direction
and waveform (continuous waveform).
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During the second and third months of CDUS
follow-up, both patients 19 and 21 had increases in
their PSV of SOV. The former increased from 16
to 24.3 cm/sec and the latter increased from 17.6
to 19.7 cm/sec. Patient 19 had a bilateral SOV
engorge-ment of a severe grade. Patient 21 was
graded as moderate. However, the closure was
achieved in both the patients (in the 20th month for
the former and in the 24th month for the latter).
One patient initially received conventional
radiotherapy; however, the symptoms persisted for
more than 5 years. She was referred for further
diagnosis, and the conventional cerebral angiography
Fig. 2. A 43-year-old male patient, with dural
arteriovenous fistula and right superior ophthalmic vein
(SOV) drainage. Color Doppler ultrasonography (CDUS)
showed engorged right SOV, with peak systolic velocity
of 16 cm/sec, RI 0.32. (A) The flow direction was towards
the transducer and meant a reversed pulsatile flow. (B)
One month after r-knife radiosurgery (GKRS), CDUS
showed a reversed pulsatile flow, and increased RI
(0.68) in SOV. (C) Eight months after GKRS, CDUS





showed a persistent dural AV fistula with SOV
drainage; the PSV was 3.5 cm/sec before GKRS,
and, after GKRS, closure occurred 25 months later.
During CDUS follow-up, the four patients with
bilaterally engorged SOVs showed earlier normali-
zation of the flow pattern and also the direction in
the side with the higher PSV of SOV. There was
no significant difference between the time lapse until
closure and patient’s age (Table 1).
DISCUSSION
After treatment, the follow-up modality for dural
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Table 1. The relationship between patient’s gender, age, spectral analysis, and cure time
Patient No. Sex/age (yr) PSV (cm/sec)/RI Lesion side Cure time (mo)
1 F/45 3.4/0.8 LT 3
2 F/79 3.3/0.72 RT 3
3 F/86 15 RT 4
4 M/55 5/0.8 RT 4
5 F/60 6/0.65 RT 4
6 M/30 5.8/0.87 RT 4
7 F/52 12.8/0.4 RT 6
8 M/75 12 RT 8
9 F/43 16/0.32 RT 8
10 F/73 11 LT 8
11 F/41 25.6/0.26 LT 9
12 F/62 27 RT 11
13 F/24 5/0.6 RT 11
14 F/64 10.5 LT 11.5
15 F/66 12.6/0.53 LT 12
16 F/67 88/0.6 LT 12.5
14/0.56 RT
17 F/61 58/0.55 LT 13
18 M/76 5.7/0.98 LT 14
19 F/62 25.6/0.32 LT 20
16/0.47* RT
20 F/52 32/0.7 LT 20
18/1 RT
21 M/47 17.6/0.52† LT 24
22 F/62 3.5/0.74‡ RT 25
PSV = peak systolic velocity; RI = resistive index; lesion side = the side of superior ophthalmic vein engorgement; LT =
left superior ophthalmic vein; RT = right superior ophthalmic vein.
*During the second month of follow-up, the PSV: 24.3 cm/sec, RI: 0.48.
†During the third month of follow-up, the PSV: 19.7 cm/sec, RI: 0.4.
‡Initial radiotherapy performed 5 years later.
AV fistula has customarily been cerebral angiography,
CT, or MRI. Cerebral angiography is a relatively
invasive and dangerous procedure; thus, it is not a
good modality for routine follow-up in the non-
surgical management of dural AV fistula. Both CT
and MRI are non-invasive, and are effective follow-
Table 2. The cure time in different grades of peak systolic velocity of the superior ophthalmic vein
Cure time (mo) Grade
Mild Moderate Severe
5 2 0
6–12 1 5 2
> 12 2 1 4
p = 0.033.
up modalities; however, neither has a real-time ability
and both require intravenous contrast injection. CDUS
is a real-time imaging modality. If an indicator is
present as a target for follow-up, it can become a
good modality for the follow-up of a dural AV
fistula after any other type of management. In this
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study, 88% of the dural AV fistula cases had SOV
drainage; thus, most of the cases could be diagnosed
and followed up by imaging the engorged SOV with
reversed flow. CDUS readily detects the SOV
abnormalities [15,16]. Therefore, CDUS can serve
as a very appropriate modality for the diagnosis and
follow-up of dural AV fistulae.
The retrobulbar space in the orbital cavity usually
presents as homogeneous hyperechogenicity except
for the hypoechoic tubular structure of the optic
nerve. Therefore, if there is any apparent tubular
hypoechoic structure in the retrobulbar space of the
orbit, a pathologic entity, such as engorged vessels,
should be considered. CDUS should be used to
image these cases to rule in or rule out the presence
of engorged vessels.
In some cases of dural AV fistulae, spontaneous
regression occurs [17,18]. However, Barcia-Salorio
et al noted that the dural AV fistulae had a
significantly shorter time span until obliteration, if
radiotherapy had been given [19]. Therefore,
aggressive treatment of dural AV fistulae is indicated.
In this study, all patients received GKRS more then
2 months after a definitive diagnosis by cerebral
angiography; therefore, short-term spontaneous
regression can be excluded. Our previous study found
that the GKRS treatment of dural AV fistulae was
efficacious [10]. In this study, closure occurred 3
or more months after GKRS; therefore, an appropriate
interval for CDUS follow-up is between 1 and 2
months. Hence, we have recommended that CDUS
follow-up should encompass at least 1 or 2 months.
Nine months after GKRS treatment, one patient
had orbital symptoms; CDUS showed an engorged
SOV with no color signals, which indicated
thrombosis of the SOV. However, in a subsequent
study, the thrombosis became patent with the flow
toward the cavernous sinus in a continuous spectrum.
This finding indicates that, if the SOV suddenly
thromboses during the follow-up, the orbital
symptoms will exacerbate; and then improve after
thrombolysis. SOV thrombosis is a complication of
GKRS with an unknown cause, and its management
should be conservative.
During follow-up, CDUS indicated that the PSV
was variable and even increased over the initial
value in some cases. Fortunately, these patients did
not suffer from an exacerbation of clinical symptoms,
and closure ultimately occurred. Therefore, even if
the follow-up with CDUS indicates an increase in
PSV, we recommend the continuance of conservative
follow-up unless clinical symptoms need further
action.
Two patients had increased PSV of SOV during
the second and third month of follow-up; however,
closure occurred during the 20th month in one patient
and during the 24th month for the other. Patient 21
was graded as moderate, but required more time for
closure. Additional cases are needed to confirm
whether the progressive changes in PSV during serial
follow-up indicates a poor prognosis.
In Table 1, there is no linear regression between
the PSV of SOV and the time lapse until closure
following GKRS. Therefore, we could not predict
the time lapse until closure following GKRS by only
measuring the PSV of SOV. However, Table 2
indicates that a higher PSV of SOV correlates with
a longer time lapse until closure, and the findings
are statistically significant. Therefore, the grading
system is an important and practical follow-up
criterion after GKRS.
We have found a tendency of the PSV to decrease
and the RI to increase during the follow-up of CDUS
after GKRS. Ultimately, the spectrum became normal
with the flow direction toward the optic foramen;
the RI rose from low to high (occasionally < 1);
and then returned to continuous flow in the normal
direction of the SOV.
In the last patient, there was a treatment failure
following conventional radiotherapy; the PSV was
3.5 cm/sec before GKRS, but the time lapse until
closure was delayed to the 25th month following
treatment. This patient had a very low PSV of SOV;
this might be a consequence of the limitations of
conventional radiotherapy. In some cases,
conventional radiotherapy cannot directly strike the
nidus, resulting in a partial effect. Since the
therapeutic mechanism of conventional radiotherapy
is similar to GKRS, the radio-sensitivity might have
been decreased in this case. This has resulted in a
longer time lapse until closure.
During CDUS follow-up, the four patients with
bilaterally engorged SOVs exhibited earlier
normalization in the side with the higher PSV. This
very interesting finding suggests that the side with
the higher PSV of SOV had an SOV with a larger
diameter; thus, the velocity dropped more rapidly
than the smaller diameter vessel and thrombosed
sooner due to slower flow. However, a larger number
of cases is needed to substantiate this hypothesis.
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In Table 1, there is no significant difference
between the time lapse until closure and the patient’s
age; therefore, age is not an important factor in the
follow-up of dural AV fistulae after GKRS.
In conclusion, CDUS can serve as a useful modality
to monitor the resolution of dural AV fistulae following
GKRS, and as a rough predictor of the time lapse until
closure on the basis of PSV grading.
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